Multi-phase SPH modelling of air effect on the dynamic flooding of a damaged cabin by Cao, X.Y. et al.
Cao, X.Y. and Ming, F.R. and Zhang, A.M. and Tao, L. (2018) Multi-phase 
SPH modelling of air effect on the dynamic flooding of a damaged cabin. 
Computers and Fluids, 163. pp. 7-19. ISSN 0045-7930 , 
http://dx.doi.org/10.1016/j.compfluid.2017.12.012
This version is available at https://strathprints.strath.ac.uk/63744/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 















E\ FRPSDULQJ ZLWK H[SHULPHQWDO DQG SXEOLVKHG QXPHULFDO UHVXOWV 7KH DLU FDSWXUHG LQ WKH
IORRGLQJSURFHVVLVIXUWKHUVWXGLHGZLWKIRFXVRQWKHH[FKDQJHRIDLUDQGZDWHUQHDUWKHRSHQLQJ
)LQDOO\WKHHIIHFWVRIWKHVL]HVDQGQXPEHURIWKHGHFNRSHQLQJVRQWKHDLUIORZDUHDQDO\]HG

















> @ VR LW LV YHU\ GLIILFXOW WR IRUHFDVW WKH FRPSOLFDWH K\GURG\QDPLF SURFHVV 'XULQJ WKH
IORRGLQJ SURFHVV WKH G\QDPLFV RI WKH DLU IORZ SOD\ D GRPLQDQW UROH DQG FRPSURPLVH WKH
VWDELOLW\RIWKHGDPDJHGVKLSZKLFKPD\OHDGWRVHYHUHFRQVHTXHQFH>@DQGZDUUDQWVWKRURXJK
VWXG\ 




















QXPHULFDO PRGHO IRU G\QDPLF IORRGLQJ LV DSSOLHG ZLWK WKH DERYHPHQWLRQHG IDFWRUV EHLQJ
FRQVLGHUHGSURSHUO\7KHPHVKOHVVVPRRWKHGSDUWLFOHK\GURG\QDPLFV63+PHWKRGLQVROYLQJ
WKHG\QDPLFIORRGLQJSURFHVVZKLFKUHODWHVWRIUHHVXUIDFHVORVKLQJ>@VODPPLQJ>










2. Numerical methods  
%DVLFHTXDWLRQRIWKHPXOWLSKDVH63+ 
7RVROYHWKHG\QDPLFIORRGLQJSURFHVVRILQWHUHVWDPXOWLSKDVHPRGHOLVGHYHORSHGEDVHG





























:KHUH U  v  x  g DQG P GHQRWH WKH GHQVLW\ WKH YHORFLW\ WKH FRRUGLQDWH WKH JUDYLW\
DFFHOHUDWLRQDQGWKHSUHVVXUHUHVSHFWLYHO\,QRUGHUWRVROYH(T WKHGHULYDWLYHVLQLWFDQ
EHILUVWO\ZULWWHQDVDQLQWHJUDOLQWKHGRPDLQWKURXJKWKHNHUQHODSSUR[LPDWLRQ)RUDFHUWDLQ
YHFWRUIXQFWLRQ ( )f x WKHGLYHUJHQFHFDQEHWUDQVIRUPHGDV>@ 
 
( ) ( ') ( ') d 'W:   !|  ³f x f x x x x   
:KHUH 'x  LVDQDGMDFHQWSRVLWLRQRI x  DQG ( ')W x x  LVWKHNHUQHOIXQFWLRQ  
:KHQWKHSUREOHPGRPDLQLVGLVFUHWL]HGLQWRSDUWLFOHVWKHSDUWLFOHDSSUR[LPDWLRQFDQEH
DSSOLHGWRGLVFUHWL]HWKHLQWHJUDOE\WKHZHLJKWLQJVXPPDWLRQRIQHLJKERULQJSDUWLFOHVLQWKH
VXSSRUWGRPDLQ>@)RUWKHGLYHUJHQFHRIDYHFWRUIXQFWLRQ ( ) f x WKHDSSUR[LPDWLRQDWWKH
SDUWLFOH i  FDQEHFDUULHGRXWE\WKHQHLJKERULQJSDUWLFOHV j  DV  
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 
7KXVWKHHTXDWLRQLQDV\PPHWULFIRUPLVREWDLQHGE\VXEWUDFWLQJ(T  IURP(T 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&RQGXFWLQJ WKHVLPLODU WUDQVIRUPDWLRQDV(T  WKHJUDGLHQWRI WKHVFDODUIXQFWLRQFDQEH
GHULYHGDV(T 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,W VKRXOG EH XQGHUOLQHG WKDW GLIIHUHQW IRUPV IRU WKH JUDGLHQW RI WKH VFDODU IXQFWLRQ DQG WKH
GLYHUJHQFH RI WKH YHFWRU IXQFWLRQ DUH XVHG7KH IRUP RI (T  DOORZV DQ DQWLV\PPHWULF
SURSHUW\ZKLFKLVFUXFLDOIRUPDLQWDLQLQJWKHPRPHQWXPFRQVHUYDWLRQZKHQ ( )f x  UHSUHVHQWV
WKH SUHVVXUH ZKLOH WKH IRUP RI (T  FDQ GHFUHDVH WKH HUURUV LQWURGXFHG E\ WKH NHUQHO
WUXQFDWLRQVQHDUWKHIUHHVXUIDFHVHHPRUHDQDO\VHVLQ&RODJURVVLHWDO>@ 
7KURXJKWKHWUDQVIRUPDWLRQRI(T  DQG(T WKHFRQWLQXLW\DQGPRPHQWXPHTXDWLRQLQ
(T  FDQEHH[SUHVVHGDV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:KHUHWKHVXEVFULSWV i  DQG j  UHSUHVHQWDSDLURILQWHUDFWLQJSDUWLFOHV 2(0, 9.81)m/ s g 









7RVROYHWKH(TV  DQG WKHUHODWLRQVKLSEHWZHHQSUHVVXUHDQGGHQVLW\LVQRUPDOO\
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 
:KHUHWKHVXEVFULSW w UHSUHVHQWVWKHKHDYLHUSKDVHDQG a UHSUHVHQWVWKHOLJKWHUSKDVH)RU
ZDWHU 7wJ   WKHLQLWLDOGHQVLW\ LV 30 1000kg / mwU  ZKLOHIRUDLU 1.4aJ  >@DQGWKH
LQLWLDO GHQVLW\ LV 30 1.29kg / maU   7KH VDPH FRHIILFLHQW 2 20 0a a a w w wB c cU J U J   LV
SURSRVHGE\&RODJURVVLDQG/DQGULQL>@IRUHQVXULQJWKHLGHQWLFDOLQLWLDOSUHVVXUHIRUERWK
SKDVHVDWWKHLQWHUIDFH 0P  LVWKHEDFNJURXQGSUHVVXUH 
(T  JLYHVWKHH[SOLFLWUHODWLRQVKLSEHWZHHQWKHSUHVVXUHDQGWKHGHQVLW\ZKLFKOHDGV




XVHG LQ ZHDNO\ FRPSUHVVLEOH 63+ WR DSSUR[LPDWH WKH IUHH VXUIDFH IORZ SUREOHPV 7KH
DVVXPSWLRQ RI ZHDNO\ FRPSUHVVLEOH IOXLG VDWLVILHV WKDW WKH YDULDWLRQ RI WKH GHQVLW\ ILHOG
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SURSRUWLRQDO WR WKH VTXDUHRI WKH0DFKQXPEHU VHH0RQDJKDQ >@ LV OHVV WKDQ LH
/U U' a 2 2max 0( / )v c Ma ,WVKRXOGEHQRWHGWKDWLWLVQRWWKHUHDOVLWXDWLRQ>@where the 
lighter phase has a larger sound speed than that of the heavier phase (i.e., !a wc c ). However, in 
order to prevent the pressure fluctuations, the artificial sound speed, which is 10 times of the 
maximum speed of the flow field, is adopted in the simulation. Therefore, the Mach number is 
smaller than 0.1. 
The background pressure can be used to prevent the tension instability caused by the 
negative pressure and meanwhile to keep the particle distribution uniform.+RZHYHUWKHYDOXH





,QRUGHU WRREWDLQ VWDEOH DQGDFFXUDWH UHVXOWV WKHQXPHULFDO YLVFRVLW\ WHUP
vf  RQ WKH
ULJKWKDQG VLGH RI (T  LV LQFOXGHG WR VWDELOL]H WKH VLPXODWLRQ ,Q WKH SUHVHQW QXPHULFDO
PRGHOWKHDUWLILFLDOYLVFRVLW\E\0RQDJKDQ>@LVDSSOLHG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:KHUH D  LV WKH DUWLILFLDO YLVFRVLW\ FRHIILFLHQW h  LV WKH VPRRWKLQJ OHQJWK c  LV WKH
DUWLILFLDO VRXQG VSHHG :KHQ IOXLG SDUWLFOHV DSSURDFK HDFK RWKHU WKH SHUIRUPDQFH RI WKH
DUWLILFLDOYLVFRVLW\WHUPLVDUHSHOOLQJIRUFHDQGYLFHYHUVD7KHGLIIHUHQFHIURPWKH&RODJURVVL
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:KHUH Ȧ  LV WKH DQJXODU YHORFLW\ bGr  LV WKH SRVLWLRQ YHFWRU RI WKH ERXQGDU\ SDUWLFOH b 
SRLQWLQJWRWKHFHQWUHRIWKHPDVVG  
7KHGHQVLWLHVRI WKHVROLGZDOOERXQGDU\SDUWLFOHVDQGWKHFDELQERXQGDU\SDUWLFOHVDUH














































RI WKH GDPEUHDN LV 0.6mwh   WKH OHQJWK RI WKH GDPEUHDN LV 2.0 wl h  WKH VROLG ZDOO
ERXQGDU\OHQJWKLV 5.36 wL h  DQGWKHKHLJKWLV 3.0 wH h ,QVWHDGRIVLPXODWLQJWKHUHPRYH
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   ¦   
:KHUH 30 1000.0kg/mwU   WKH FRRUGLQDWH [2] LV LQGLFDWHG LQ )LJ 7KH SUHVVXUH SUREH LV
ORFDWHGDWWKHZDOODQG 0 0.267 wr h  DZD\IURPWKHERWWRP7KHUDGLXVRIWKHSUHVVXUHVHQVRU
LQWKHH[SHULPHQW>@LV 45mm 7KHGLVWULEXWLRQRIWKHSDUWLFOHVLQWKHFRPSXWDWLRQDOPRGHO
LVXQLIRUPZLWKDSDUWLFOHVSDFLQJ /120wdx dz h  7KHDUWLILFLDOVRXQGVSHHG LQZDWHU LV
0 10c gH  DFRQVWDQW WLPHVWHSRIHV LVXVHGDQG WKHDUWLILFLDOYLVFRVLW\ FRHIILFLHQW LV
0.03D   7KH SDUDPHWHUV LQ (T  DUH 0 500.0PaP   DQG 0.5F   UHVSHFWLYHO\ 7KH


















































)LJ  7KH PXOWLSKDVH GDPEUHDN SURFHVV SUHVVXUH GLVWULEXWLRQ IRU ZDWHU DQG YHORFLW\
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 
:KHUH ktE  DQG ptE  DUHWKHWRWDONLQHWLFDQGSRWHQWLDOHQHUJ\RIWKHIOXLGVUHVSHFWLYHO\WKH
VXSHUVFULSW

UHSUHVHQWVWKHLQLWLDOWLPHDQG e'  LVWKHFKDQJHRIWKHLQWHUQDOHQHUJ\>@,W
FDQEHREVHUYHGLQWKH)LJWKDWWKHLPSDFWVEHWZHHQWKHIOXLGDQGWKHZDOORUEHWZHHQWKH
IOXLGDQGWKHIOXLGFDXVHWKHHQHUJ\ORVV,QWKHPXOWLSKDVHPRGHOWKHHQHUJ\ORVVZLWKDLUIORZ

































UHFWDQJXODU ER[ LV 1.0ml    WKH KHLJKW LV 0.5l   DQG WKH FHQWUH RI JUDYLW\ LV
(0.75m,0.0m)G  7KHHIIHFWRIWKHOLJKWHUIOXLGRQWKHVLQNLQJSURFHVVLVVWXGLHG7KHGHQVLW\
UDWLR EHWZHHQ WKH KHDYLHU DQG WKH OLJKWHU IOXLG LV / 1000H LU U   7KH DFFHOHUDWLRQ RI WKH
JUDYLW\LV 2(0, 1.0)m/ s g 7KHZHLJKWRIWKHER[LV 1.0kgm  DQGWKHLQHUWLDPRPHQWLV
20.083kg mI   7KHNLQHPDWLFYLVFRXVFRHIILFLHQWRIWKHKHDYLHUIOXLGLV 20.002m / sX  DV
XVHGLQ%DUFDUROR>@7KHUHODWLRQVKLSEHWZHHQWKHDUWLILFDOYLVFRVLW\SDUDPHWHU D  LQ(T
 DQGWKHNLQHPDWLFYLVFRVLW\ X  JLYHQE\0RQDJKDQ>@LV 
 
1
08 ( )hcD X    
7KH FRPSXWDWLRQDO GRPDLQ KDV D ZLGWK RI 4l  DQG D KHLJKW RI 5l 7KH KHLJKW RI WKH
KHDYLHUSKDVH LV 3l 7KHDUWLILFLDO VRXQGVSHHGRI WKHKHDYLHUSKDVH LV 0 10 3c gl  DQGD












D=0.03 n=20 Without air
D=0.03 n=20 With air





FRQVWDQWWLPHVWHSRI 5e 6sdt    LVXVHG7KHSDUDPHWHUVLQ(T  DUH 0 1.0PaP   DQG
0.2F  7KHGLPHQVLRQOHVVWLPHLVVFDOHGE\ 0.5~ ( / 3 )t t g l 8QLIRUPSDUWLFOHGLVWULEXWLRQLV
DVVXPHG LQ WKH ZKROH VLPXODWLRQ ILHOG ZLWK WKUHH SDUWLFOH VSDFLQJV / 25dx dz l   







UHVROXWLRQ /100dx l >@'XH WR WKHDV\PPHWULFPDVVGLVWULEXWLRQ WKHVLQNLQJSURFHVV LV
DFFRPSDQLHGE\URWDWLRQDOPRWLRQVXQGHUWKHPRPHQWRIJUDYLW\DQGEXR\DQF\ ,WLVHYLGHQW
WKDW WKH WUHQGVRI WKHSUHVHQW63+UHVXOWVDUH LQJRRGDJUHHPHQWVZLWK WKRVHRI)930DQG
5LHPDQQ63+UHVXOWVZKLFKGHPRQVWUDWHVWKDWWKHPXOWLSKDVH63+PRGHOLVUREXVWLQVROYLQJ
VXFKIOXLGVROLGLQWHUDFWLRQSUREOHPV,QDGGLWLRQJRRGFRQYHUJHQFHRIWKH63+PRGHOLVDOVR
VKRZQLQWKHILJXUH   
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7R UHYHDO WKH IOXLG SK\VLFV E\ WKH SUHVHQW PXOWLSKDVH 63+ PRGHO WKH FRPSDULVLRQ



























































D E F G 
)LJ7KHFRPSDULVRQRIWKHVLQNLQJSURFHVV8SZLWKRXWWKHOLJKWHUSKDVH'RZQZLWKWKH





KHDYLHU SKDVH IOXLG DQG WKH ERXQGDU\ RI WKH ER[ ZKLFK ZLOO DIIHFW WKH UHVXOWDQW IRUFH7KH















VLPXODWLQJ WKH IORRGLQJ SURFHVV 7ZR W\SHV RI RSHQLQJV DUH FRQVLGHUHG LQ WKLV VWXG\ WKH
RSHQLQJDWWKHZDWHUOLQHDQGWKDWRQWKHXSSHUEXONKHDG  
7KHFDELQPRGHOKDVDFURVVVHFWLRQRI8VKDSHZLWKDEUHDGWKRI 16.0mB  DGHSWKRI
8.5mD  DGUDXJKWRI 4.2md  7KHSRVLWLRQRIWKHFHQWUHRIJUDYLW\LV (35.0,0.2)G  DV
VKRZQLQ)LJ7KHKHLJKWRIWKHRSHQLQJRQWKHEURDGVLGHLV 4.0mb   DQGWKHFHQWUHRIWKH
RSHQLQJ LV ORFDWHG DW WKH IUHH VXUIDFH7KH GHSWK RI WKH ZDWHU LQ WKH VLPXODWLRQ GRPDLQ LV
20.0mwh   7KH XQLIRUP SDUWLFOH GLVWULEXWLRQ LV DGRSWHG KHUH DQG WKH SDUWLFOH VSDFLQJ LV













/ 200wdx dz h  7KHEDFNJURXQGSUHVVXUHLV 0 1000.0PaP   DQGWKHFRKHVLRQSDUDPHWHULV
0.5F  $FRQVWDQWWLPHVWHSRIîVLVXVHGLQWKHFDVHFRQVLGHULQJDLU7KHSDUDOOHOFRGH
ZLWK 2SHQ03 ODQJXDJH WDNHV DERXW  PLQXWHV IRU  WKRXVDQG VWHSV ZKHQ UXQQLQJ RQ D
FRPSXWHUHTXLSSHGZLWK,QWHOLFRUHV*+])RUGLIIHUHQWFDVHVWKHWRWDOQXPEHUV
RISDUWLFOHVDUHGLIIHUHQWZLWKDSSUR[LPDWHO\WKRXVDQGRISDUWLFOHVIRUWKHPXOWLSKDVHIORZ
PRGHO ,QRUGHU WR VWXG\ WKH HIIHFWRI WKHDLU IORZRQ WKH IORRGLQJSURFHVV VHYHQFDVHVDUH
LQFOXGHG LQ WKH SUHVHQW QXPHULFDO VLPXODWLRQ  WKH GDPDJHG FDELQ ZLWKRXW DLU  WKH
GDPDJHGFDELQZLWKRXWGHFNRSHQLQJWKHGDPDJHGFDELQZLWKDQRSHQLQJDWWKHFHQWUHRI
WKHXSSHUGHFNDQG WKHZLGWKRI WKHRSHQLQJ 1 2bG    WKHZLGWKRI WKHRSHQLQJDW WKH
FHQWUHRIWKHXSSHUGHFNLV 1 4bG  WKHZLGWKRIWKHRSHQLQJDWWKHFHQWUHRIWKHXSSHU
GHFNLV 1 8bG  WKHZLGWKRIWKHRSHQLQJDWWKHFHQWUHRIWKHXSSHUGHFNLV 1 10bG  
 WKUHHRSHQLQJV 3 1 4bG   RQ WKHXSSHUGHFNDQG WKHGLVWDQFHEHWZHHQ WKHRSHQLQJV LV


















1R 2SHQLQJRQGHFN $LUIORZ 
&DVH 1RQH 1R 
&DVH 1RQH <HV 
&DVH 1 2bG   <HV 
&DVH 1 4bG   <HV 
&DVH 1 8bG   <HV 
&DVH 1 10bG   <HV 
&DVH 3 1/ 4bG   <HV 
 
7KHDLUFDSWXUHLQWKHIORRGLQJSURFHVV 















)LJ  &RPSDULVRQ RI WKH GDPDJHG FDELQ PRWLRQ ZLWKRXW DLU OHIW DQG ZLWK DLU ULJKW D





IRUPLQJ DQ DLU FDYLW\ QHDU WKH RSHQLQJ$V VKRZQ LQ )LJ D WKH IORRGLQJ ZDWHU PRYHV
TXLFNO\DQGWXUQVRYHUDWWKHZDOORSSRVLWHEURDGVLGHRIWKHRSHQLQJWKHDLULVVHHQHVFDSLQJ










































UHDFKHV WKH LQLWLDOO\ PD[LPXP KHHOLQJ DQJOH WR WKH RSHQLQJ EURDGVLGH HVSHFLDOO\ IRU WKH
GLVSODFHPHQWVRIWKHEDU\FHQWUHLWLVDOPRVWLGHQWLFDOWRWKHFDVHZLWKRXWDLU+RZHYHUEH\RQG





































RFFXUVDWWZRWLPHLQVWDQWV 1t  DQG 2t  LQ)LJWKHILUVWRQHRFFXUVZKHQWKHFDELQUHDFKHV
WKHLQLWLDOO\PD[LPXPKHHOLQJDQJOHZKLOHWKHWRSRIWKHRSHQLQJVXEPHUJHVEHORZWKHZDWHU






)LJ)RUPDWLRQRIWKHDLUSRFNHWLQWKHVLQNLQJSURFHVVD 13.20st  E 14.40st   
 
















































 5.1t s   7.2st   
max 6.86m/sv  
1
max 6.15m/sv  
2
max 7.14m/sv  
1
max 6.69m/sv  
2
max 7.24m/sv  
1
max 6.75m/sv  
2
max 7.37m/sv  
1




)LJ  7KH YHORFLW\ RI WKH IORZ ILHOG GXULQJ WKH IORRGLQJ SURFHVV RI WKH FDELQ ZLWK GHFN
RSHQLQJD 1/10bG   E 1/ 8bG   F 1/ 4bG   G 1/ 2bG  7KHFLUFOHPDUNVWKH



























)LJ VKRZV WKH YHORFLW\ RI WKH EDU\FHQWUH LQ WKH IORRGLQJ SURFHVV RI WKH FDELQ ZLWK









































WKH DPRXQW RI WKH IORRGLQJ ZDWHU DQG WKH DLU FXVKLRQ LQ WKH FDELQ WKH KRUL]RQWDO GULIWLQJ
YHORFLW\DQGWKHVLQNLQJYHORFLW\DUHERWKUHGXFHGZLWKWKHGHFUHDVLQJRIWKHGHFNRSHQLQJVL]H
,WFDQEHFOHDUO\REVHUYHG WKDW WKH LQFUHDVHRI WKHGHFNRSHQLQJVL]HKDV OHVVHIIHFWVRQ WKH
IORRGLQJSURFHVVRIWKHFDELQZKHQWKHGHFNRSHQLQJLVJUHDWHUWKDQ 1/ 4bG !  
 





7DNLQJ WKH GHFN RSHQLQJ VL]H 1/ 4bG   IRU H[DPSOH WKH QXPEHUV RI RSHQLQJV DUH
LQFUHDVHGWRWKUHHZLWK 3 1/ 4bG   IRUHDFKRSHQLQJ7KHRSHQLQJVDUHHTXDOO\GLVWULEXWHGRQ
WKHXSSHUGHFN  
 









































 3.0st                                                                                      6.0st   
)LJ  7KH YHORFLW\ RI WKH DLU ILHOG IRU WKH GDPDJHG PRGHO ZLWK GLIIHUHQW GHFN RSHQLQJ
QXPEHUVDGHFNRSHQLQJ 1/ 4bG  EGHFNRSHQLQJ 3 1/ 4bG   
 
7KHYHORFLW\GLVWULEXWLRQRIWKHDLUILHOGIRU WKHGDPDJHGPRGHOZLWKGLIIHUHQWRSHQLQJ
QXPEHUVDWWZRWLPHLQVWDQWVDUHVKRZQLQ)LJ)RUWKHFDVHRI 3 1/ 4bG  WKHYHORFLW\RI
WKHDLUIORZLQJRXWIURPWKHGDPDJHGRSHQLQJLVODUJHUWKDQWKHFDVHRIRQHRSHQLQJRQWKH








FHQWUHYHORFLW\RIWKHPRGHO 3 1/ 4bG   LVVPDOOHUWKDQWKHRQHGHFNRSHQLQJFDVH,WPD\EH

















































  G =1/4b
3G =1/4b t1













  G =1/4b
3G =1/4b









  G =1/4b
3G =1/4b t1




























4. Conclusion  
,Q WKLV SDSHU D PXOWLSKDVH 63+ PRGHO KDV EHHQ GHYHORSHG 5LJRURXV YDOLGDWLRQV
LQFOXGLQJ WKH GDPEUHDN DQG WKH VLQNLQJ SURFHVV RI DQ LQWDFW UHFWDQJOH ER[ KDYH EHHQ
FRQGXFWHGWRGHPRQVWUDWHWKHVWDELOLW\DQGDFFXUDF\RIWKHSUHVHQWQXPHULFDOPRGHO  














DQG WKH HIIHFWV RI WKH VL]H DQG QXPEHU RI WKH RSHQLQJV DUH H[DPLQHG %HIRUH UHDFKLQJ WKH
PD[LPXPKHHOLQJDQJOHWRWKHRSHQLQJEURDGVLGHWKHPRWLRQRIWKHGDPDJHGFDELQLVPDLQO\




IURP WKH GHFN RSHQLQJ ZLWK D KLJK VSHHG:KHQ WKH GHFN RSHQLQJ VL]H LV 1/10bG   WKH




RSHQLQJ 1/ 4bG ! WKHUHLVOHVVLQIOXHQFHRQWKHPRWLRQRIWKHFDELQZKLOHIRU 1/10bG  WKH














7KLV SDSHU LV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD *UDQW
QXPEHU   WKH 1DWXUDO 6FLHQFH )RXQGDWLRQ RI +HLORQJMLDQJ 3URYLQFH








>@ 0DQGHUEDFND 7 0LNNROD 7 5XSRQHQ 3 0DWXVLDN - 7UDQVLHQW UHVSRQVH RI D VKLS WR DQ DEUXSW IORRGLQJ
DFFRXQWLQJIRUWKHPRPHQWXPIOX[-)OXLG6WUXF 
>@ 6S\URX . 7KRPSVRQ - 7KH QRQOLQHDU G\QDPLFV RI VKLS PRWLRQV D ILHOG RYHUYLHZ DQG VRPH UHFHQW
















>@ %RXVFDVVH % &RODJURVVL$ 6RXWR,JOHVLDV$ &HUFRV3LWD - 0HFKDQLFDO HQHUJ\ GLVVLSDWLRQ LQGXFHG E\
VORVKLQJDQGZDYHEUHDNLQJLQDIXOO\FRXSOHGDQJXODUPRWLRQV\VWHP,7KHRUHWLFDOIRUPXODWLRQDQGQXPHULFDO
LQYHVWLJDWLRQ3K\VLFVRI)OXLGV 











>@=KDQJ=:DQJ/6LOEHUVFKPLGW99'DPDJH UHVSRQVHRI VWHHOSODWH WRXQGHUZDWHUH[SORVLRQ(IIHFWRI
VKDSHGFKDUJHOLQHU,QW-,PSDFW(QJ 













>@ 'RPtQJXH] -0 &UHVSR $-& 9DOGH]%DOGHUDV ' 5RJHUV %' *yPH]*HVWHLUD 0 1HZ PXOWL*38

























WKH 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 1XPHULFDO 6KLS +\GURG\QDPLFV 1DQWHV )UDQFH
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ1XPHULFDO6KLS+\GURG\QDPLFVS 
>@*UHFR0$WZRGLPHQVLRQDOVWXG\RIJUHHQZDWHUORDGLQJ>3K'WKHVLV@7URQGKHLP1RUZD\1RUZHJLDQ
8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\ 
>@3RKOH)97KH/DJUDQJLDQHTXDWLRQVRIK\GURG\QDPLFVVROXWLRQVZKLFKDUHDQDO\WLFIXQFWLRQVRIWKHWLPH
>3K'7KHVLV@1HZ<RUN86$1HZ<RUN8QLYHUVLW\ 
>@%DUFDUROR'$,PSURYHPHQWRIWKHSUHFLVLRQDQGWKHHIILFLHQF\RIWKH63+PHWKRGWKHRUHWLFDODQGQXPHULFDO
VWXG\>3K'WKHVLV@1DQWHV)UDQFH(FROH&HQWUDOHGH1DQWHV 
 
